One hundred fifty Simmental-Hereford cows and calves were used in a 3-yr study to evaluate three creep grazing treatments and an early weaning treatment on cow and calf performance during midsummer (July to September). Calves were approximately 150 d of age and averaged 178.6 kg when treatments were initiated. Tifleaf pearl millet (Pennisetum Americanum L. Leeke) was used as the forage for two of the creep treatments, representing two cow stocking intensities of .466 (TLM1) and .239 (TLM2) ha of base hill land pasture/cow, and as pasture for early weaned calves. A red clover (Trifolium pratense L.)-Kentucky bluegrass (Poa pratensis L.) mixture was used as the other creep forage. Hill land pastures were similar for the mature cow units in all creep treatments. Calf average daily gains ranged from .93 to 1.10 kg and were not influenced (P > .05) by treatment. Calf gains per hectare were similar for the control, red clover and TLM1 treamaents. The TLM2 and early weaning treatments resulted in increases of 105.4 and 39.1 kg of calf gain/ha (P < .05) compared with the control. When calves were allowed to creep graze millet, decreasing the forage area from .466 to .239 ha per cow-calf unit resulted in an increase of 97.7 kg of calf gain/ha with no reduction in calf gain. Cows on the more intensively grazed millet creep treatment (TLM2) lost more weight (P < .05) during midsummer than those on the TLM1 treatment, but they gained 18.5 kg more (P < .10) weight than TLM1 cows between weaning and the start of winter feeding.
Introduction
Low pasture productivity and slow calf gains during midsummer are problems for many cattlemen. This is true especially in the hill land areas of the Southeast, where cool-season forages become dormant during midsummer. Part of the reduction in calf gain results from the reduced influence of milk on calf gain after the 3 rd mo of lactation (Neville, 1962 ; Robinson et al., 1978) . Several attempts have been made to overcome this problem. These include creeping grain (Marlowe et al., 1965; Cundiff 1Paper No. 11289 of the Journal Series of the North Carolina Agric. Re~ Serv., Raleigh, NC 27695-7601. Use of trade names in this publication does not imply endorsement by the North Carolina Agric. Res. Sew. or by USDA, Agric. Res. Sew. nor criticima of similar products not mentioned.
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Received October 9, 1987 . Accepted January 11, 1988 . et al., 1966 Martin et al., 1981) , creep grazing (Vicini et al., 1982; Bagley et al., 1987) , early weaning of calves and providing them concentrate on pasture (Harvey et al., 1975) , feeding in drylot (Williams et al., 1975) or some combination of'these practices (Neville and McCormick, 1981) . In general, gains of early weaned calves have been similar to or greater than gains of normally weaned calves, whereas concentrate intake has varied depending on the management system used for calves. Young calves have the ability to use high-quality forage to promote gain. Consequently, greater use of limited hectares of high-quality forages would appear to have merit. The objective of this study was to evaluate different forages and cowcalf-forage management systems for promoting calf growth and increasing pasture productivity during the midsummer period.
Materials and Methods
One hundred fifty Simmental-Hereford cows and calves were used in a 3-yr study to evaluate three creep grazing treatments and an 1109 J. Anim. Sci. 1988. 66:1109-1114 Table 2 . The area required for controls was based on optimum stocking rates for improved hill land pasture as determined from previous studies (Burns et al., 1983 (Burns et al., , 1984 .
Total land area (hill land plus creep forage) for each cow-calf unit was similar for the control, RCC and TLM1 treatments in yr 1 (Table 2) . However, residual forage after creep grazing in yr 1 was extremely high, so the creep areas were reduced by 40% in yr 2 and 3. Cows and calves on the control and creep treatments and dry cows on the EW treatment grazed base hill land pastures consisting of Kentucky bluegrass, orchardgrass (Dactylis glornerata L.) and white clover (Trifolium repens L.). Calves assigned to the creep treatments had access to either red clover or tifleaf millet via a creep-gate. One wooden creep-gate (304.8 cm wide and 119.4 cm high) was used for each forage creep. Calf creep areas were equally divided by electric fencing and rotationally grazed during the experimental period. After calves had grazed the. vegetative forage, and prior to moving them to a new area, both calves and their dams were allowed access to the creep area, resulting in rapid defoliation. Calves then were rotated to the ungrazed portion of the creep treatment, and their dams were restricted to the base pasture.
Calves assigned to the EW treatments were weaned at the initiation of the study and placed in drylot for 3 to 5 d to minimize trampling of the millet during the weaning period. Calves then were allowed to graze millet and were provided ground ear corn daily at approximately 1% of their body weight. All animals were weighed at 14-d intervals, and concentrate level for EW calves was adjusted based on calf weight changes. Dams of EW calves were stocked on the base pasture at rates to maintain body weight. Weight changes of dry cows on the EW treatment were controlled by the use of additional put-and-take animals as described by Harvey et al. (1975) . The hill land pastures in this study were well established with moderate to high levels of K and P fertilizer and had a soil pH ranging from 5.7 to 7.0. The RCC pastures were sod-seeded the 1st yr into a previous hill land pasture that was grazed cIosely and sprayed with paraquat. Kenstar red clover was seeded (11 kg/ha) initially in mid-April and again in both yr 2 and 3 to assure its presence. A pure stand of red clover was not attempted because of the seed load of hill land pasture species in the soil. The goal was to have red clover contribute at least 40 to 50% of the available dry matter.
Millet pastures were seeded with a drill in a prepared seedbed. Tifleaf millet seedings (22 kg/ha) were made in mid-May. The millet received 50 kg/ha of N at seeding, and a similar level was topdressed in mid-August. Annual soil tests indicated that P and K levels were high, and no additional P or K was applied.
Estimates of available forage on the creepgrazed and EW pastures were obtained at d 0, 28, and 56 by a sickle mower set to cut to a 6.3-cm stubble. The forage was subsampled and oven dried for dry matter determination. A second subsample was submerged in liquid N for immediate freezing, freeze-dried, ground to pass through a l-ram screen and assayed for in vitro dry matter disappearance (IVDMD) to estimate the quality of the available forage (Burns et al., 1976) . Botanical composition of the red clover creep pastures was estimated by hand separation of fresh forage into component species and was expressed on a dry matter basis. Samples for botanical composition were handcut at the soil surface from eight random sites within each creep pasture. The species mixture of the hill land pastures was based on visual estimates and expressed as a percentage of total ground cover.
After the experimental period terminated in mid September, calves were weaned, and nonlactating cows were grouped and allowed to graze similar pastures. Weights were monitored until the winter feeding period began (approximately Dec. 15) to evaluate any effect of the summer grazing treatments on subsequent weight change.
The 3-yr data were analyzed using SAS (1972), with replicate means used as the experimental observation. The main effects of treatment and replicate were tested using the treatment x replicate interaction as the error term. The year and treatment x year effects were tested for significance using the treatment x year x replicate interaction as the error term. When treatment differences were indicated, the following preplanned contrasts were examined: control vs RCC, control vs TLM2, control vs EW and TLM1 vs TLM2.
Results and Discussion
Significant year effects were observed for cow and calf gains and calf production per hectare (Table 3) . These effects were due primarily to differences in rainfall and subsequent forage growth. The year x treatment interactions were not significant. Cow and calf performance and calf production per hectare are shown in Table 4 . Calf average daily gains were excellent for the midsummer period (.93 to 1.10 kg/d) and were not influenced (P > .05) by treatment. Bagley et al. (1987) , in evaluating different forage systems for beef production in the Southeast, observed that creep grazing increased 205-d and weaning weights. However, Vicini et al. (1982) observed no advantage in weaning weight or calf daily gains when a fescue-creep system was compared to a native pasture similar in composition to the hill land pasture evaluated in this study. Differences in forage quality of the control pasture used in the various studies probably accounts for the difference in results. Examination of IVDMD from the available forage may explain partially the high calf performance obtained and the similarity among treatments. Respective IVDMD coefficients (%) from the mid-July, mid-August and mid-September samplings of the creep pastures were RCC = 72.8, 71.5, and 72.4; TLM1 = 80.9, 77.0, and 76.3; TLM2 = 79.2, 75.4 and 75.3, and EW = 80.5, 76.9, and 77.2 . Although the available forage from the RCC pastures was consistently lower in IVDMD compared with the tifleaf millet (TLM1, TLM2 and EW) pastures, all averaged above 70%. Excess forage was available in creep areas, which allowed for selective grazing. As a result, plant parts consumed by calves may have exceeded the IVDMD estimates obtained from available forage.
Average daily gains and final weights of EW calves were slightly less (.17 kg/d and 10.6 kg, respectively) than for controls (P > . 10). Neville and McCormick (1981) observed that EW calves gained faster and weighed more at time of normal weaning than control calves. Lusby et al. (1981) observed similar weaning weights for calves weaned at the normal time and EW calves out of first-calf heifers when calves were weaned at 6 to 8 wk of age. Earlier research with Angus calves (Harvey et al., 1975) showed gains to be improved by approximately .30 kg/d when calves were EW compared with calves that remained on their dams. In the previous study (Harvey et al., 1975) , a mixture of tall rescue (Festuca arundinacea schreb.) and common bermudagrass (Cynodon dactylon [L.] Pers.) was used as the base pasture, whereas the base pasture in the present study was predominantly
, g V V a mixture of white clover and Kentucky bluegrass. The hill land pastures for the control treatment averaged 25 to 33% white clover and 63 to 69% temperate grasses at initiation of grazing. Red c/over in the red clover creep pastures, as a percentage of dry matter, averaged 50, 53 and 33 for yr 1 through 3, respectively. The respective percentages for temperate grasses were 32, 40 and 45. Consequently, the contribution of the legume in both the control and RCC pastures, as well as the temperate grass species present, allowed a diet much higher in quality than that available from a tall fescue-bermudagrass mixture in midsummer. Also, EW calves in the previous study (Harvey et al., 1975) underutilized forage unless concentrate intake was limited. Restriction of concentrate intake through daily feeding also was a factor in the present study.
Average concentrate intake of EW calves was 1.94 kg/d, and 2.02 kg of concentrate was required per kilogram of gain. Therefore, EW calves were very efficient in use of concentrate. A recent study (Peterson et al., 1987) indicated that cows with EW calves consumed 45.3% less total digestible nutrients (TDN) from hay than cows with normally weaned calves and that EW cow-calf pairs were 43.0% more efficient in converting TDN into calf gain than were normally weaned cow-calf pairs.
Calf gains per hectare were similar for the control, RCC and TLM1 treatments (Table 3) . The two more intensive cow stocking rates, TLM2 and EW, both resulted in increased calf production per hectare (P < .05) compared with control pasture (Table 3 ). The increases were 105.4 kg and 39.1 kg/ha for the TLM2 and EW treatments, respectively. When calves were allowed to creep graze millet, increasing cow grazing intensity by reducing the base forage area from .466 to .239 ha resulted in an increase (P < .05) of 97.7 kg of calf/ha with no reduction in calf gain.
Cow gains (Table 3 ) during the midsummer period were similar for the control, RCC and TLM1 treatments (.46 to .53 kg/d). Cows on the TLM2 treatment lost .19 kg/d, and dams of EW calves gained .12 kg/d; both these means were different from controls (P < .05). All hill land pastures generally were grazed closely; available forage height averaged 2.5 to 4.4 cm. Hill land pastures for the TLM2 treatment were grazed shortest, below 2.5 cm. Generally, the forage was too short to estimate availability by mechanical clipping. During the period from normal weaning until onset of winter feeding (September to December, or approximately 90 d, Table 3 ), cows that lost weight (TLM2) or gained very little (EW) during the midsummer period exhibited compensatory gains averaging 24.3 kg, whereas controls lost an average of 8.3 kg (P < .05). Also, cows on the more intensively grazed millet treatment (TLM2) gained 18.5 kg more (P < .10) than their counterparts that were stocked less intensively (TLM1).
When considering cow weight changes from initiation ofthegrazing study to onset of winter feeding (July to Dec., Table 3 ) cow weight change was similar for controls, RCC, TLM1 and EW treatments (30.0 to 35.5 kg). Cows on the TLM2 treatment gained 21 kg less than controls or 26.8 kg less (P < .05) than cows on the less intensively grazed millet treatment (TLM1).
Results of this study indicate that calf production per hectare may be increased markedly by creep grazing and early weaning, provided that cows are stocked intensively. Further, calf gains may not be improved by creep grazing if the base pasture retains a high quality and the stocking rate allows adequate available forage. Both tifleaf millet and red clover can provide highquality forage during the summer stress period. The results also demonstrate that EW calves supplied limited concentrate and allowed to graze a high-quality forage will perform similarly to control calves. However, an early weaning system such as the one described has its greatest application for producing feeder calves where forage quality and(or) quantity are limiting.
